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both Type A and Type B, was synthesized. Through further 
refinement. Type A and Type B carbonate apatite can be 
selectively synthesized, and the degree of substitution of 
carbonate ions for the phosphate ions in Type B carbonate 
apatite can be controlled. Important parameters will be ' 
reaction and aging temperatures, carbonate source, method 
of carbonate introduction, precursor concentrations, aging 
time, and pH. 

SUMMARY OF EXAMPLES ^' 
The above examples demonstrate superior processes and 
products re.sulting from densifications of nanocrystalline 
hydroxyapatitc. The grain sizes of calcined samples varied 
from 30 nm to 100 nm depcmliii); how pll, nging lime, '■ 
reaction and aging temperature, CaCNO,), addition rate, 
precursor concentration, and grinding method were 
controlled, while the grain sizes of conventional hydroxya- 
patite were on a micron scale. For example, the surface area 
of one sample of the invention after calcination at 550° C. 
is 159.5 m^/g while the conventional sample after calcina- 
tion at 550° C. has a very small surface area of 5.4 m^/g. The 
sample of the invention retained phase uniformity after 
calcination at 550° C, but the conventional sample began to 2^ 
transform into tricalcium phosphate at 550° C. with sub- 
stantial conversion to tricalcium phosphate and calcia by 
700° C. In a sample of the invention 96% of the theoretical 
density was obtained at a low sintering temperature of 1100° 
C. by pr&ssureless sintering for nanocrystalline hydroxya- 
patitc which, was stable up to 1300° C. However, the 
conventional sample achieved only 70% of the theoretical 
density at 1200° C. with decomposition into tri-calcium 
phosphate. Furthermore, the dcnsificd conventional sample 35 
contained large pores and microcracks. Our nanocrystalline 
hydroxyapatitc has high purity and phase homogeneity as 
well as superior sinterability compared to the conventionally 
prepared hydroxyapatitc. When our nanocrystalline 
hydroxyapatitc was sintered u.sing either colloidal or hot 
pressing, 99% theoretical bulk density with a grain size of 
less than 250 nm can be obtained. Dense nanocrystalline 
hydroxyapatitc compacts further possessed a compressive 
strength as high as 745 MPa, while the conventional micron- 45 
sized hydroxyapatite compacts from a similar pressureless 
sintering treatment possessed a compressive strength of 150 
MPa. Additionally, further reinforcement of the hydroxya- 
patite can be accomplished by introducing a secondary 
dispersoid such as zirconia which would greatly improve the ^° 
toughness and chemical stability of hydroxyapatite by pin- 
ning the mobihty of any inlergranular and intragranular 
defects. A dense composite of nanocrystalUne hydroxyapa- 
tite and 10 wt % nanocrystalline 3 mol % Y^O^-doped ZrO^ 55 
possessed an even higher compressive strength of 1020 
MPa. With more complete characterization, the densificd 
nanocrystalline hydroxyapatite and hydroxyapatite-zirconia 
compo.sites can ea.sily be developed into denial and ortho- 
pedic weight-bearing implants. Furthermore, the processing '''' 
of nanocrystalline hydroxyapatite can be adapted to synlhe- 
size a nanocrystalline carbonate apatite illustrating the ver- 
satility of our process. This process can also be used to 
.selectively synthesize Type A and Type H carlxinatc apatite „, 
as well as to control the degree of .substitution of the 
carbonate ion into the apatite structure. 
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Those skilled in the art would readily appreciate that all 
parameters listed herein are meant to be exemplary and that 
actual parameters will depend upon the specific application 
for which the methods and apparatus of the present inven- 

> tion are used. It is, therefore, lo be understood that the 
foregoing embodiments are presented by way of example 
only and that, within the scope of the appended claims and 
equivalents thereto, the invention may be practiced othcr- 

^ wise than as specifically described. 
What is claimed is: 

1. A compo.sition, compri.sing particulate apatite leaving 
an average apatite crystal size of less than 100 nm, /herein 
the crystal is spherical. 
^ 2. 'ITie com|xisition of claim I comprising |Articulate 
apatite having an average apatite crystal .size of li/ss than .SO 
nm. 

3. The composition of claim 1 comprisini^ particulate 
apatite having an average apatite crystal size qf less than 30 

1 nm. 

4. The composition of claim 1 compri.sing particulate 
apatite having an average apatite crystal siz(/ of less than 20 
nm. 

5. A composition as in claim 1 wherefn the particulate 
i apatite is den.sified. / 

6. The composition of claim 1 comprising apatite having 
an average particle size of less than 1 /tm. 

7. The composition of claim 1 com/rising apatite having 
an average particle size of less than 0.5 /<m. 

8. The composition of claim I comprising apatite having 
an average particle size of less thai/ 0.25 fun. 

9. A composition comprising particulate apatite having a 
surface area of at least 40 m^/g aftd a spherical crystal. 

10. The composition of clainV 7 comprising particulate 
apatite having a surface area of/at least 100 m^/g. 

11. ITie composition of claim 9 comprising particulate 
apatite having a .surface area i-f at least 150 m'/g. 

12. ITie composition of clrfim 9 that undergoes apatite 
phase decomposition of l^ythan 10% when cxpo.sed lo 
conditions of at lea.st 1000?.4^)for at least 2 hours. 

13. ITie composition of Maftn 12 that undergoes apatite 
phase decomposition of \<As than 5% when exposed 10 
conditions of at least WO(f C. for at least 2 hours. 

14. llie composition off claim 12 that undergoes apatite 
phase decomposition of/less than 3% when exposed to 
conditions of at least 1000° C. for at least 2 hours. 

15. The composition /of claim 12 that undergoes apatite 
phase decomposition of less than 10% when exposed to 
conditions of at least UOO" C. for at least 2 hours. 

16. The compositij/n of claim 12 that undergoes apatite 
phase decomposilioii of less than 5% when exposed lo 
conditions of at leasSl 1100° C. for at least 2 hours. 

17. The composition of claim 12 that undergoes apatite 
phase decomposiHon of less than 3% when exposed to 
conditions of at Ifeast 1100° C. for at least 2 houre. 

18. 'ITie comrfosition of claim 12 that undergoes apatite 
pha.se decompcfeition of less than 10% when cxpo.sed to 
conditions of il least 1200° C. for at least 2 hours. 

19. The composition of claim 12 that undergoes apatite 
phase dcconiposilion of less than 5% when exposcti to 
conditions rff at least 1200° C. for at least 2 hours. 

20. 'nic/composilion of claim 12 that undergcxis apatite 
pha.sc dyomix.sition of less than 3% when cxposetl lo 
condilioik of at least 1200° C. for at least 2 hours. 
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21. The composilion of clai^ 12 thai undergoes apatile 
phase decompositioD of less Ihan 10% when exposed to 
conditions of at least 1300° O. for at least 2 hours. 

22. The composition of claim 12 that undergoes apatite 
phase decomposition of less than 5% when exposed to 
conditior^ of at least 1300°/ C. for at least 2 hours. 

23. The composition of claim 12 that undergoes apatite 
pha.se decompasition of Ifcss than 3% . when exposed to 
conditions of at least 1300° C. for at least 2 hours. 

24. An article having ardinien.sion of at lea.st OS cm made 
up of the composilwn or claim 1. 

25. The article itftjatm 24 wherein the particulate apatite 
is consolidated. 

26. Tlic article of 
prosthesis. 

27. The article 

28. ITic article of | 
on a prosthesis. 

29. The article oyclaim 28 comprising an exterior coating, 
on a prosthesis, offal least 0.5 micron in thickness. 

30. The article of claim 24 having a theoretical density of 
at least 90%. 

31. The articlrf of claim 24 having a theoretical density of 
at least 95%. 

32. The artic|b of claim 24 having a theoretical density of 
at least 98%. 



aim 24, formed into the shajx: of a 

aim 24 that is a prosthesis. ' . 
aim 24 comprising an exterior coaling 



38 

33. An article having a dimension of al/easl 0.5 era made 
up of the composition of claim 9. 

34. The article of claim 33 having a/porosity of at least 
^ 20%. 

35. The article of claim 33 having k porosity of at least 
30%. 

36. The article of claim 33 having a porosity of at least 
.50%. 

37. The article of claim 33phaviiig a porosity of at least 
75%. 

.38. The dcnsified article of cl|im 33 having compressive 
strength of at least about 150 '. 
15 39. 'Hic dcnsiricd nrliclc of ^laj^i 38, having a density of 
at least about 98%. 

40. The densified article of claim 33 having compressive 
strength of at least alMut 500 MPa. 

41. 'ITie densified article of claim 33 having compressive 
strength of at least aboul 700 MPa. 

42. The densified article of claim 38, having a density of 
at least about 90%. 

43. The densifieA'article of claim 38, having a density of 
25 at least about 95%( 

44. Tlie article'of claim 24 that is a part of a prosthesis. 





